
























































































































































strengths by comparison with lower plasticity clays. Field moisture control for highly 
plastic clays is an effective means of controlling deleterious soil properties. 

3. Earthwork construction processes including lift thickness and roller passes were not 
consistent at several embankment projects. Compacted lift thickness was measured to 
vary from 7 to 22 inches and roller passes averaged about 4 to 5 passes. 

4. Reduction of clod size and aeration of wet soils by disking, which is currently a part of 
the Iowa DOT specifications, is rarely enforced in the field. Thus, a renewed emphasis 
should be placed on educating the necessity for disking in the minds of earthwork 
contractors and Iowa DOT field personnel. 

5. The dynamic cone penetrometer (DCP) was found be a valuable field tool for quality 
control. From penetrations up to 39 inches, plots of soil strength and lift thickness were 
generated. Furthermore, by testing for soil stability, shortcomings from density tests 
(density gradients) are avoided. It is evident from the field data that stability and shear 
resistance as measured by the DCP is increased by compaction and reduced by high 
moisture contents. Therefore, determination of embankment quality was very achievable 
regardless of density or moisture correlations. 

6. Through experiments involving different rolling patterns and equipment it was found that 
a rubber-tired loaded scraper (90 psi tire pressure) can effectively compact loose lifts of 
heavy fat clay up to 14 inches. With the correct tire pressure and because of the large 
contact area, rubber-tired rollers are effective at achieving high surface density, achieving 
density in underlying layers, and locating weak spots below the surface. However, in 
spite of the fact that the rubber-tired rolling results appear favorable, the method will 
have to be assessed for efficiency in the future. 

7. Based only on appearance and feel, predicting the physical performance and judging the 
suitability of cohesive soils for embankment construction is difficult. The proposed Iowa 
SDC chart better takes into account complex engineering properties such as swell 
potential, frost susceptibility, and group index weighting. Also, the SDC will better 
facilitate design and field identification of soil because it only requires testing of 
Atterberg Limits and percent passing the No. 200 sieve. 

8. By considering changes in soil properties from moisture content and determining desired 
soil properties and constructability, the proposed Iowa Moisture Construction Chart 
(MCC) was developed. Objectives of the MCC chart are to increase soil uniformity and 
overall embankment performance for cohesive soils through specifying soil specific 
minimum and maximum moisture contents. Acceptable moisture content ranges are 
based on soil classification per the SDC chart. 

9. CPT shear strength measurements showed that the combined overly thick lifts observed 
during construction and wet highly saturated soil resulted in extremely variable 
embankment shear strength with depth. Differential settlement would be anticipated 
based on these results. 
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PROPOSED DESIGN AND CONSTRUCTION SPECIFICATIONS 

Based on the results and analysis conducted during Phase I and Phase II of this research 
program, newly developed soil design and construction methods and testing specifications 
are proposed. These proposed methods include field soil classification, moisture control, lift 
thickness changes, and DCP index acceptances procedures. Because construction with soils 
is one of the most complicated procedures in engineering, the construction methods and 
testing specifications were developed to be both efficient and practical to meet the needs of 
the Iowa DOT and earthwork contractors. 

Soil Performance Classification for Design and Construction 

Iowa's land surface consists primarily of Pleistocene loess deposits (40%), glacial till 
(40%), alluvium (20%), and residual soils over bedrock (<l %) (16,34). Soils available for 
embankment construction in Iowa generally range from A-4 soils, which are very fine sands 
and silts that are subject to frost action, to A-6 and A-7 soils, which are predominate across 
the state. Some of the glacial derived A-6 and A-7 groups include relatively high 
shrink/swell clayey soils. In general these soils rate from poor to fair in suitability as 
subgrade soils; though, their suitability greatly depends on maintaining a uniform moisture 
content (16). It is critical that the embankments built with these marginal soils are placed at 
the proper moisture content and unsuitable expansive and frost prone soils are identified and 
disposed of properly in the embankment. 

Soils for Iowa DOT embankment projects are identified during the exploration phase of 
the construction process. Borings are taken periodically along the proposed route and at 
potential borrow pits every 50-150 meters to depths of approximately 6-12 meters depending 
on proposed fill heights. Under the current Iowa DOT specifications, soil samples obtained 
from the subsurface investigation are tested to determine Atterberg limits, grain-size 
distribution from hydrometer analysis, carbon content, color, and in-situ moisture and density 
which are compared to One-point Proctor values (Iowa Test Method Number 103-C). From 
1996 to 1999 the Iowa DOT has classified over 12,000 soil samples for an estimated 720 km 
of completed State, U.S., and Interstate highway embankments. 

The soil information obtained from the initial site investigation is reported on soil design 
sheets for use during earthwork construction. However, even with a large number of soil 
samples it is impossible to completely characterize soil profiles because of variability 
between boring iocations and more importantiy, soii mixing during construction. Aithough 
these soil identification methods are extensive, a process that requires field identification 
throughout construction of the embankment could greatly improve soil identification and 
placement. This research program has shown that field personnel and earthwork contractors 
need a more systematic, repeatable, and rapid field method for classifying embankment soils. 
This proposed method termed the Iowa Soil Design and Construction (SDC) charts are 
described in the following section. 
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Iowa Soil Design and Construction (SDC) Charts 

The following soil design and construction guidelines apply to roadway and borrow 
excavation soils used in embankment construction. Herein contains soil classification 
specifications for soil classification and placement. Approval of materials and their use will 
be based on the following guidelines. Testing procedures required for soil classification 
include determination of Atterberg Limits, grain size analysis with No. 40 and No. 200 
sieves, and determination of carbon content (see current Iowa DOT Test Methods). The 
following are the criteria by which a soil is classified as select, suitable, or unsuitable by the 
Iowa Soil Design and Construction (SDC) charts A and B shown in Figures 50 and 51: 

1. Determine amount of material finer than the No. 200 sieve (F2oo) (Test Method No. Iowa 
108E). 

2. If F200 < 36% see Iowa SDC chart A shown in Figure 50. Determine amount of material 
finer than the No. 40 sieve (Test method No. Iowa 101.5-B). Plot percent passing the No. 
40 and 200 sieves on chart. If classified as suitable, then determine the liquid limit and 
plasticity index (Test Method No. Iowa 109 C). 

3. If F200 ;;:::: 36% determine the liquid limit and plasticity index (Test Method No. Iowa 109 
C) and plot values on the Iowa SDC chart B shown in Figure 51. Determine soil 
classification as select, suitable or unsuitable from guidelines shown in Table 14. 

Iowa SDC chart A (Granular Soils) 
The Iowa SDC chart A, as shown in Figure 50, for cohesionless/granular soils was 

based on the current Iowa DOT specification, which requires less than 15% silt and clay for a 
classification of granular-select treatment material. Thus, there should not be a significant 

.. change in soil classification between the Iowa SDC chart A and the current Iowa DOT 
Specification 2102.06. As previously shown in Table 2, 15% silt and clay is a common 
boundary that several state DOTs use to identify frost susceptible soils. The Iowa SDC chart 
A will be helpful for classifying samples in the field during construction. 
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FIGURE 50 Iowa SDC chart A 

Iowa SDC chart B (Fine and Coarse-Grained Plastic Soils) 
By taking into consideration the engineering properties of fine and coarse-grained plastic 

soils and simple property correlations, Iowa SDC chart B was developed to improve overall 
soil design and to facilitate field identification during construction. The Iowa SDC chart B, 
as shown in Figure 51, classifies soil based on three simple tests (1) liquid limit, (2) plasticity 
index, and (3) fines content (percent passing the No. 200 sieve). Research has shown that the 
classification method is an effective tool to use when soils are being mixed in the borrow 
excavation or not identified on the soil design sheets. Once a soil sample is obtained from 
the borrow (or grade during construction), the referenced liquid limit, plasticity index, and 
fines content tests are performed and recorded. The Iowa SDC chart B is then used to 
designate the soil as either select treatment material, suitable soil, or unsuitable soil as 
described in the following: 

Plot the liquid limit and plasticity index on Iowa SDC chart B shown in Figure 51. 

1. Determine in which designated region the soil plots; for example LL =56 and PI= 37 
plots in the high plasticity inorganic clay region. 

2. Determine if the fines content (percent passing the No. 200 sieve) is less than or greater 
than the Fineness Designation Number as shown. 

3. Use guidelines shown in Table 14 to classify soil as select treatment material, suitable 
soil, or unsuitable soil. 
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TABLE 14 Iowa Soil Design and Construction (SDC) chart guidelines 
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Designated Soil Regions 

Low plasticity clays 
• Select::;; 45% passing the No. 200 sieve, F 200, and 

::;; 70%F-10 
• Suitable 46% - 70% F200 

• Unsuitable> 70% F 200 (Type C disposal) 

Low/Medium plasticity inorganic clays 
• Select ::;; 60% F200 

• Suitable 61 - 70% F200 

• Unsuitable ;;:::; 70% F20o (Type C disposal) 

Medium plasticity inorganic clays 
• Select- Plots above A-Line (PI=O. 73(LL-20), and 

F200 ::;; fineness designation 
• Suitable - F 200 > fineness designation 

High plasticity inorganic clays 
• Suitable - Plots above A-Line (PI=0.73(LL-20), and 

F20o::;; fineness designation 
• Unsuitable - F 200 > fineness designation (Type B Disposal) 

Inorganic silts of medium compressibility 
• Unsuitable - Plots below A-Line (PI=0.73(LL-20), 
• Type B Disposal 

Highly compressible inorganic silts and high plasticity organic clays 
• Unsuitable < 3 .0% carbon (Type A disposal) 
• Unsuitable;;:::; 3.0% carbon (Slope dressing only) 

Note (1) All soils other than "Highly compressible inorganic clays and high plasticity organic 
clays" containing 3.0% or more carbon are to be placed according to Type C disposal 
method. 

Note (2) Shale is to be placed according to Type A disposal method. 
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Soil Classification Comparison: Proposed vs. Current Method 
Out of 132 soils classified ranging from A-4 to A-7-6, the Iowa SDC chart B shows a 

3.1% reduction in select materials, an 8.4% increase in suitable materials, and a 5.3% 
reduction in unsuitable soils. Results are shown in Table 14. Of the 132 soil samples, 25 soil 
classifications contradicted each other. Differences observed by using the Iowa SDC chart B 
include (1) better identification of frost prone soils, (2) no reliance on density criteria, and (3) 
elimination of some high plasticity soils previously classified as select. Five soils that had 
average properties of LL= 31, PI= 11, sand and gravel fraction= 2%, silt= 78%, and clay= 
20% classify as suitable under the current Iowa DOT specification. However, these materials 
have very high silt fractions and should be disposed of below the frost line, and are 
considered unsuitable under the proposed Iowa SDC chart B classification. 

Furthermore, twelve soils that classified as unsuitable under the Iowa DOT specification 
classified as suitable under the Iowa SDC specification. The soils samples had average 
properties of LL= 49, PI= 30, GI= 32, sand and gravel fraction= 2%, silt= 63%, and clay= 
35%. Although these samples have a GI above 30, it is not believed that using this criterion 
alone is adequate. As can be seen a LL of 49% with 35% clay content does not indicate high 
shrink/swell potential. Furthermore, the moderate PI indicates sufficient clay content to aid 
in prevention of frost action (i.e. reduce permeability). One sample with properties of LL= 
45, PI= 22, GI= 12, sand and gravel fraction= 36%, silt= 43%, and clay= 21 % was 
classified as unsuitable under the current Iowa DOT method because the one-point Proctor 
density was below 95 lb/ft3

. However, this material at 36% sand and gravel and low PI and 
silt fraction was classified as select under the proposed Iowa SDC chart B. It is believed that 
the one-point Proctor density was erroneously low. 

TABLE 15 Soil classification comparison between the proposed Iowa SDC chart B 
And current Iowa DOT specifications 

Select Treatment Suitable Unsuitable 
Method Materials Materials Materials 

Iowa DOT Specification 2102.06, A 1-3 26.0% 45.8% 28.2% 

Iowa Soil Design and Construction (SOC) 
ChartB 22.9% 54.2% 22.9% 

Difference -3.1% +8.4% -5.3% 

In summary, the current Iowa DOT specification and the Iowa SDC classification 
methods produced somewhat comparable results. But, the performance based Iowa SDC 
chart does not rely upon one-point Proctor density to determine soil suitability nor historic/ 
geologic names. Lastly, the Iowa SDC chart better facilitates field identification of soil 
because it only requires testing of Atterberg Limits and percent passing the No. 200 sieve. 
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Embankment Construction Specifications 

Embankment construction methods and testing specifications are intended to ensure that 
compacted soils are placed uniformly and meet required engineering properties (33). It is 
common in embankment construction to prescribe a combination of method and end-result 
specifications to ensure quality construction. For example, method specifications typically 
consist of maximum lift thickness requirements or minimum roller passes. End-result 
specifications, such as specifying 95% of standard Proctor, describe the required soil 
properties or embankment performance requirements. By combining the Iowa SDC and 
MCC charts with aspects of method and end-result specifications, an alternative embankment 
construction method and testing specification was developed to allow for construction 
diversity and provide for improved embankment quality. 

Under current Iowa DOT specification section 2107, a pseudo method and end-result 
density control specification requires sheepsfoot walkout for compaction acceptance. 
However, when the sheepsfoot roller walkout method is used, soils have been observed in 
undercompacted and overcompacted conditions. Furthermore, when combined with thick 
lifts, "Oreo cookie effects" are a problem (26). Also, minimal in-situ quality control testing 
is performed to determine the in-place density of embankment soils except for subgrade 
treatment areas. As a result of these construction specifications, highly variable moisture 
contents, improper soil placement, and instability are common field problems. Moreover, the 
amount of testing for compaction is insufficient and no new testing procedures have been 
introduced except for nuclear density methods to determine in-place moisture and density 
(26). The actual percentage of soil testing conducted for compaction compared to the 
amount of soil placed is small. Once again construction relies heavily upon the judgement of 
the inspector and the quality of the earthwork contractor under the current embankment 
construction specifications. 

Alternative construction methods and testing specifications increase quality control 
testing and reduces reliance upon the experience and judgement of Iowa DOT field 
inspectors and contractors. Common to all proposed methods is moisture control as indicated 
by the Iowa MCC charts and soil classification per the Iowa SDC charts. 

Moisture Control Charts 
Reduced shear strength, high compressibility, loss of mobility, reduced workability, and 

increased construction time are all outcomes related to soil water content (30). Among 
practitioners in geotechnical engineering, there is constant debate about whether to compact 
soils wet or dry of optimum moisture content. The answer depends upon the material, 
engineering property requirements, and the practicality of obtaining those properties, which 
are often competing in embankment construction. High strength and density, low 
permeability, low shrink swell behavior, and low compressibility are all desired outcomes 
related to soil moisture content. Recent field tests have shown that both cohesionless and 
cohesive soils excavated from borrows are typically very wet and when compacted are 
saturated, which results in low in-place density and strength. These high moisture contents 
can cause differential settlement and consolidation of the embankment and add to the 
potential for slope failure. By considering changes in soil properties from moisture content 
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and determining desired soil properties and constructability, the Iowa Moisture Content 
Construction (MCC) charts A (granular soils) and B (fine and coarse-grained plastic soils) 
were developed. 

Granular Soils The objectives of the Iowa MCC chart are to increase soil uniformity 
and overall embankment performance for soils by specifying soil specific moisture 
boundaries. Acceptable moisture content ranges are based on soil classification per the Iowa 
SDC charts, relative density and standard Proctor "optimum" moisture content and 
"maximum" dry density. Cohesionless soils require identification of the bulking moisture 
contents (to be avoided during placement) and an upper limit to prevent excessive saturation. 
To determine the bulking moisture content range the Iowa Modified Relative Density test is 
performed. Typical results are plotted as shown in Figure 52. From this plot it can be seen 
that moisture content from 1.1 to 9 .1 % should be avoided for efficiency of field compaction 
to obtain 80% relative density. The upper bound moisture limit is also based on relative 
density and is determined by the following equation: 

M% upper limit = - 0.3 
RD max 

50 
[I] 

where RDmax is the maximum relative density in pounds per cubic foot. 

Fine and Coarse-Grained Plastic Soils As shown in Figure 53, standard Proctor 
optimum moisture content results are used to establish the acceptable moisture content range. 
Iowa MCC chart B is divided into two sections, one for select and suitable soils and one for 
unsuitable soils. The acceptable moisture content range for a select or suitable soil is fixed at 
-1 % to +3% of optimum Proctor moisture content. The objective for select and suitable 
soils, which are placed in the upper portion of the embankment, is to provide the appropriate 
moisture content that minimizes swell potential, produce uniform density, and provide 
adequate stability for equipment and paving operations. A second moisture content 
boundary has been established for unsuitable soils. The amount of water to be used in 
compacting unsuitable high plasticity clay soils shall not deviate from optimum on the dry 
side by more than 90% and not more than 120% on the wet side. However, ifthe optimum 
Proctor moisture content of the unsuitable material is over 20% (based on dry weight) then 
the minimum allowable moisture content is -2% and the maximum is +4%. At low optimum 
moisture content the minimum moisture range is -1 % to +3%. These moisture boundary 
ranges were set to better represent specific soil properties. For example, a high optimum 
moisture content typically indicates that the material has a smoother, flatter Proctor curve as 
opposed to a material with a low optimum moisture content that has a sharper Proctor curve, 
which indicates that changes in moisture significantly affects density. If used during 
construction, the Iowa MCC charts could greatly increase the uniformity of compaction 
density and stability and will minimize low embankment shear strength zones caused by very 
wet and saturated materials. 
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Embankment Construction Guidelines 

The following embankment construction guidelines apply to roadway and borrow 
excavation soils used in embankment construction. Herein contains an alternative 
construction method and end-result testing specification. Based on the percent passing the 
No. 200 sieve (F200), Iowa Modified Relative Density and/or standard Proctor compaction 
test results, the following are the criteria by which the appropriate construction methods and 
moisture conditions are determined: 

1. Determine F200 (obtained in the initial Soil Design and Construction guidelines for soil 
classification). 

• F200 < 10% perform the Iowa Modified Relative Density Test 

• F200 10-35% perform both the Modified Relative Density and Standard Proctor 
Density Test (Test Method No. Iowa 103-B). The test method yielding the highest 
maximum dry density will be used as the controlling test procedure and subsequently, 
used to establish field density requirements. 

• F20o;;:::: 36% perform standard Proctor compaction test (Test Method No. Iowa 103-B). 

• If the Iowa Modified Relative Density controls, the soil will be considered a granular 
soil; if standard Proctor compaction test controls, the soil will be considered to be a 
fine or coarse-grained plastic soil Granular and fine or coarse-grained plastic 
soils are descriptive names used for determination of appropriate construction 
methods and the end-result testing specifications. 

2. If the Iowa Modified Relative Density controls, use Iowa MCC chart A for allowable 
construction moisture contents; if standard Proctor compaction test controls use Iowa 
MCC chartB. 

3. Follow the alternative construction method and end-result testing specifications with 
Moisture Control and DCP Index Testing with Test Strips as described in the following: 

Construction Methods 
I. Moisture content will be controlled per Iowa MCC Charts A and B. 

2. Test strips will be used to field determine appropriate lift thickness, roller configuration, 
and required number of roller passes. For each soil type encountered a minimum 50 feet 
wide by 250 feet long test strip will be constructed and remain part of the embankment. 
The test strip will be placed to a minimum 36 inches in depth. (Approximately 5-8 test 
strips per project would be anticipated but will vary depending on soils encountered.) 
Based on conventional vibratory rollers, 12-inch loose lifts would be expected for 
granular soils. For conventional sheepsfoot compaction 8-inch loose lifts for fine and 
coarse-grained plastic soils would be anticipated. However, changes in lift thickness may 
be appropriate with new innovations in compaction and/or type of compaction 
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equipment. Each test strip will have 5 DCP tests performed to full depth. An average of 
the 3 mid-point range DCP tests will provide the acceptable DCP index value. (Note: 
Density testing may be useful to validate the DCP during construction for different soil 
types.) 

End Result Testing 
1. End result acceptance testing will be based on referenced moisture control requirements 

and density/stability analysis with the Dynamic Cone Penetrometer (DCP) as shown in 
Figure 54. A minimum of one DCP test is required for every 100 feet by 250 feet area 
per lift. DCP index acceptance criteria are shown in Table 16. 

TABLE 16 General DCP Index Test Guidelines 

Soil Type 
(Based on Iowa SDC chart A and B classification) 

Granular Soils 
Select 
Suitable 

Fine and Coarse-Grained Plastic Soils 
Select 
Suitable 
Unsuitable 

DCPlndex1 

(mm/blow) 

~ 35 
~45 

~ 75 
~ 85 
~95 

1Values may be modified according to test strip I DCP index testing 

2. Field moisture content to be determined by an appropriate method such as oven drying 
method, microwave method, nuclear gauge method, or calcium carbide "Speedy" 
method, etc. A minimum of one test is required for every 100 feet by 250 feet area per 
lift. 
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PILOT PROJECT RESULTS 

Pilot project construction was initiated in order to test the practicability of the proposed 
design and construction specifications. Objectives of the pilot projects were to: (1) determine 
if the described construction methods and alternative specifications would improve 
embankment quality, (2) evaluate the feasibility and practicality of utilizing the Iowa MCC 
and SDC charts, and (3) determine if training Iowa DOT field personnel to perform the 
required lab and field testing can be accomplished quickly and is feasible and to gain their 
input. 

Granular Soils 

The pilot projects for the granular soils with PI <10 and LL< 50 was divided into two 
separate projects. The A-2-4 materials were tested in the summer of 1998 at U.S. Highway 
61 in Fort Madison, Iowa. A test strip consisted of disking A-2-4 material until it fell within 
the prescribed moisture range using the proposed construction specifications. For the 
material in question, the prescribed range was 8% to 12.5% as determined by the Iowa 
Modified Relative Density Test. Figure 55 presents the findings ofrelative density versus 
DCP index for the A-2-4 material. As shown the DCP index increases as relative density 
decreases. 

0 20 40 60 80 100 120 

DPI (mm/blow) 

FIGURE 55 Relative density vs. DCP index for A-2-4 material under proposed 
specification 

82 



Figure 55 shows a better trend than was previously presented when no moisture control 
was applied. From this information a limiting DCP index value was estimated. In this 
particular case, a DCP less than about 35 mm/blow roughly indicates about 80% relative 
density. For those points with DCP index values greater than 35, additional passes of the 
approved roller to increase density would be required. In the study of the A-2-4 material, a 
roller pass study was not practical due to weather and time constraints. However, the issue of 
roller passes was included in the findings of the pilot project built using the clean A-3 
material. Further study for establishing limiting DCP index values is recommended. 

The pilot project for the A-3 material was performed on U.S. Highway 520 in Grundy 
County, Iowa during the summer of 1999. At the request of the contractor and Iowa DOT, 
three different test strips were initiated. One test strip was built under the current 
specification and one test strip was built under the proposed specifications using moisture 
control and DCP testing. Finally, one test strip was constructed without moisture control and 
with no compaction effort. The material used was classified as A-1-b sand with 
approximately 5% to 7% fine contents. The findings of the study are presented in Figures 56 
and 57. 

Figure 56 presents an interesting finding. Nearly all of the points achieved 80% relative 
density with no compaction or just sheepsfoot compaction. However, the benefits of 
vibratory rolling are evident in Figure 57 as all of the test strip data points are uniform while 
the no compaction and sheepsfoot compaction points are scattered. Uniform compaction 
should eliminate differential settlement of the embankment. The value of the test strip is 
further strengthened by these findings. If a contractor can prove via the test strip that 
compaction is unnecessary, there will be time saving for both the contractor and the Iowa 
DOT. The sheepsfoot test strip received eight passes of the sheepsfoot on approximately 
one-foot lifts. Similarly, the proposed specification test strip received vibratory compaction 
on approximately one-foot lifts. Finally the no compaction test strip received no passes of 
any roller on one-foot lifts. 

Conclusions of Granular Soils with PI < 10 and LL < 50 Pilot Project 

• Moisture control is essential to the proper construction of an embankment. No other 
aspect of embankment construction, when controlled, will yield a better product. 

• Multiple (8) passes of a roller may not be required. 

• Lift thickness can be at least twelve inches in depth for cleaner granular materials. 

• Test strips would be an efficient method of quality control. 

• The DCP can be a useful tool for ascertaining density when moisture control is 
applied to the embankment. 

• Training the Iowa DOT field personnel to perform the required lab and field-testing 
was successful. 
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Fine and Coarse-Grained Plastic Soils 

U.S. Highway 520 
Field tests performed at U.S. Highway 520 included moisture, density, lift thickness, and 

DCP index testing. Soils encountered during borrow excavation consisted of loess underlain 
by select and suitable glacial till. Standard Proctor compaction curves are shown in Figure 
58. Maximum dry density increased from loess (99 pcf - 24%) to mixed loess/till (104.5 pcf 
- 19%) to select glacial till (117 pcf - 14%). During construction loess and glacial till were 
mixed in the borrow by scrapers excavation. Moisture-density tests shown in Figure 58 
indicate that moisture was on the wet side of optimum. For the select glacial till materials 
moisture varied from 14.7 to 21.2% and averaged 18.0%, which is 4 points above optimum. 
Percent compaction averaged 92%. A consolidation test performed on the wet/low density 
select material indicated that 3.1 inches of settlement would occur with 90% consolidation 
taking 13 years. Moisture for the mixed material varied from 16.8 to 27.9% and averaged 
21.9%. Compaction for the mixed material was high at approximately 97 .0%. 
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FIGURE 58 Field density and moisture results U.S. Highway 520 
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Compacted lift thickness was monitored at several locations during construction by 
excavating test pits and measuring depth to the underlying lift. Over a four-week period, 41 
test pits were excavated. This measurement was very critical because inadequate stability 
was observed during construction - scrapers were pushed through fill sections. Statistical 
analysis of the data showed that lift thickness averaged 12.l ± 3.0 inches, which combined 
with high moisture content was evidence for instability. To verify that the thick lifts were 
causing instability, 50 DCP index tests were performed. Once again, as show in Figure 59, 
results of "Oreo cookie" effects were present. All of the DCP index tests had at least one 
portion between 0-36 inches that had a DCP index greater that 75 mm/blow. Analysis 
showed that 83% (30 inches) passed and 17% (6 inches) of all 50 test failed this index 
requirement. 
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FIGURE 59 DCP index test results U.S. Highway 520 

After the referenced tests were performed and analyzed the contractor reduced the 
compacted lift thickness to 10 inches at the request of the Iowa DOT field inspector. 
However, lift thickness was still above the specified allowable 8-inch loose lift according to 
the current Iowa DOT specification. How is this possible? The field inspector was 
completely aware of the situation, but did not believe the effects of large lift thickness could 
be so deleterious. Subsequently, the inspector was shown how to use the DCP test in the 
field to evaluate the quality of the fill. His comments were that " it is a good test because it is 
simple but, I would prefer a test that only takes 30 seconds to 1 minute". Generally, a DCP 
index takes from 5 to 10 minutes per test. 
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U.S. Highway 6 
Similar moisture and density tests were performed at U.S. Highway 6 during summer 

1999. Results showed that wet select glacial till material that is disked and aerated prior to 
compaction has higher density and stability, as would be expected. Figures 60 and 61 
indicate moisture density test results and observations for sheepsfoot walkout and disking. 
Lastly, Figure 62 indicated that the reduced moisture content and increased density was 
evident by DCP index testing. 

112 

110 I 
l 

102 

100 

P.octor No. 1 
Hwye.1999 
Sr.eepsfoot walkout • NO 
Disking· NO 

LL =42 
Pl= 24 
F200= $3% 

Lift Thick.ne® :;:: S'" to 11" 

Moisture content(%) 

FIGURE 60 Fill material without disking 

• • 

120 -·---------.,.--------,----;-------------, 

\\ Proe'.or No. 2 
Hwy e. 1999 
Sheepsfco!. w.IXot..1 • YES 

1 ·1 6 Diskmg • YES 

.. -l 114 

.?i' 
"' c: 

'" ~m 
c 

110 

4 

LL: 26 
P1 11 1i 
F200 = S:.2% 

Li!t Thlkness = s• !O i ~" 

€ s 

MCCciiart 
moi&ture range-

• 

• • • 

95% 

• • 
S3% 

10 12 14 

Moisture content (%) 

FIGURE 61 Fill material with disking 

87 

\ 

\ 

• 

16 18 20 22 24 



FIGURE 62 Change in DCP index before and after disking 

U.S. Highway 5 
During fall 1999 a test strip was constructed on U.S. Highway 5 in Polk County, Iowa in 

order to evaluate the proposed test strip method for DCP calibration. Fill materials, that 
ranged from suitable to unsuitable based on Iowa SDC classification, were excavated in 
layers and consequently mixed. As shown in Figure 63, the layered soils were mixed during 
excavation with a CAT 375 and hauled by dump truck. The resultant, mixed soil classified 
as suitable according to Iowa SDC chart B. Construction of the test strip was conducted in 
an area where the bearing soils were relatively stiff, which provided for a good surface to 
compact against. Loose lifts were placed in uniform 8-inch lifts, disked twice, and 
compacted with 8 passes of a sheepsfoot. Moisture and density of the compacted fill 
averaged 17.9% and 108.3 pcf, respectively. According to the Iowa MCC chart, the 
acceptable moisture limits ranged from 18 to 22%. The compaction moisture content was 
actually 1.1 % below optimum. In-place density tests averaged 103% of maximum standard 
Proctor density. 

Once the test strip was completed (approximately 4 feet in depth) nine DCP index tests 
were performed at depths to 36 inches. Results, as indicated in Figure 64 show that the 
material was relatively stiff (CBR ~ 4) and well below the preset 85 mm/blow index values 
for suitable soils. Based on these results a more appropriate value set for the maximum DCP 
index for field-testing would be 70-75 mm/blow. 
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FIGURE 63 Soil Mixing during excavation 
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Iowa DOT Training 

Throughout the testing completed during summer 1998 and 1999 several Iowa DOT field 
personnel and contractors were interviewed with regard to the DCP index testing apparatus 
and proposed specification changes including the Iowa SDC and MCC charts. Feedback for 
the DCP was very positive. The simple equipment, simple test procedure, and depth of 
testing were some positive comments. Negative comments pointed out that the equipment 
was awkward for one person alone to perform and ha..11d calculations \11ere required to 
determine the DCP index and equivalent CBR values. 

Also, to better evaluate the proposed specification changes, four weeks of in-depth 
laboratory and field training for one Iowa DOT personnel took place at the referenced U.S. 
Highway 520 project. The field personnel had no prior soil training with the exception of in­
situ determination of soil moisture content. Atterberg limits, standard Proctor, relative 
density, moisture testing, DCP index, Nuclear gauge moisture-density testing, and grain size 
analysis were covered in the training sessions. For the first two weeks we worked side by 
side performing the above-mentioned analysis. Then for two weeks the field person 
performed the tests on his own and did an exceptional job. Throughout this training process 
some shortcomings in the test procedures were identified and corrected. 

In order to perform these tests in the field, a lab trailer was equipped with a liquid limit 
device, small glass plate for plastic limit, microwave, scale, No. 40 and 200 sieves, standard 
Proctor compaction equipment, and a relative density vibrating plate. In addition a 5000-liter 
water tank was used for sieve washing. Total testing time to perform soil classification tests 
in accordance with Iowa SDC charts A and B averaged approximately one hour. 
Determination of proper in place moisture content by the Iowa MCC chart A method (Iowa 
Modified Relative Density) took about 2 hours, while the Iowa MCC chart B method 
(standard Proctor) took about 1.5 hours. In conclusion, the laboratory and field testing 
training was successful. The abilities of the trainee were well above that which was required 
to perform the proposed lab and field work. In the future a wet soil-grinding device could 
significantly improve laboratory results and speed up the process. 
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RECOMMENDATIONS 

Short Term 

1. Adopt proposed soils design and construction specifications 
• Iowa SDC chart A (Granular Soils) 
• Iowa SDC chart B (Fine and Coarse-Grained Plastic Soils) 

2. Adopt soil specific moisture control requirements 
• Iowa MCC charts A and B 
• Iowa Modified Relative Density 

3. Adopt DCP Index and Test Strip construction specifications 
• Minimum 50 x 500 foot area 30 inches deep 
• Approximately 5 to 8 test strips per project 
• Guidelines for minimum DCP index requirements: 

a) Granular Soils 
Select~ 35 mm/blow 
Suitable ~ 45 mm/blow 

b) Fine and Coarse-Grained Plastic Soils 
Select ~ 7 5 mm/blow 
Suitable ~ 85 mm/blow 
Unsuitable ~ 95 mm/blow 

4. Develop and initiate a soil certification program for Iowa DOT personnel 
• Soil classification (liquid limit, plasticity index, grain size analysis) 
• Lab testing (standard Proctor compaction and Iowa Modified Relative Density) 
• Field Testing (DCP index and moisture testing) 

5. Design and let a pilot project based on proposed soil design and construction 
specifications 

Long Term 

1. Develop training programs and workshops for field personnel 
• Identification of soils and classification 
• Soil compaction basics 
• Certification programs through the Iowa DOT for design engineers, field personnel, 

and contractors. 

2. Establish a quality control/quality acceptance program 
• Ensure embankment materials are properly identified and placed 
• Ensure embankment soils are properly moisture conditioned and compacted. 
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3. Lastly, the following flow chart shown in Figure 65 might be considered in the future for 
a QC/QA program. 
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FIGURE 65 Possible Iowa DOT flow chart for future QC/QA program 
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